The study determined subsurface flow processes of 92.3 ha catchment area in order to examine functional relationship among the surface and subsurface flow variables from the water balance components data. Days without rainfall had zero infiltration while peak values of infiltrated water corresponded with peak rainfall. However, the Crawford and Linsley infiltration model was deficient by its inability to distinguish between days of zero rainfall and days when rainfall was less than 1.0 mm. Interflow occurred continuously even when there was no rainfall. This was shown to be responsible for the stream flows on dry days. Hence, total subsurface flows, a combination of interflow and groundwater flow, had the two components contributing to stream flow on days with rainfall. On days without rainfall, the interflow component was the only contributor to subsurface flows.
Introduction
An important area of research in landsurface hydrological processes stems from increasing demand on water resources throughout the world (Scanlon et al., 2007) . This necessitates the study of impacts of climate (Kobayashi & Salam, 2000; Ma et al., 2008) , physical characteristics of catchments (Moon et al., 2004; Rushton et al., 2006; Cornejo et al., 2007) and human activities on hydrology and water resources management (Guo et al., 2004; Shukla & Jaber, 2007; Elliot & Glaza, 2007) . Ma et al. (2008) reported that effects of climate change on hydrology vary from one location to another and needed to be investigated using local climate change situations.
According to Chavez et al. (2007) , knowledge of surface runoff or streamflow generation is desirable for planning and management of water resources projects. In recent years, there has been an improvement in the understanding of surface and groundwater interactions among hydrologists and water resources management personnel (Callahan et al., 2004; Rushton et al., 2006) . Sharma et al. (1987) emphasized the significance of infiltration in catchments hydrology. It was reported that the infiltration process determines the partitioning of precipitation into surface runoff and water available for plant growth or drainage.
Soil infiltration is considered to be a critical parameter for the building and running of hydrological and soil erosion models designed to support catchments management in tropical countries, but their development and use are hampered by theoretical and practical problems in the management of soil infiltrability. Methods aimed at predicting infiltration from soil properties, such as saturated hydraulic conductivity or sorptivity, present several shortcomings for predicting infiltration under rainfall (Bowyer-Bower, 1993) . Infiltration is a dynamic process, both within a single rainstorm and on a seasonal basis, and such approaches only partially take into account dynamic aspects (Stone et al., 1996) , as they assume constant soil properties with time.
Precipitation plays a crucial role in determining surface hydrologic processes (Guo et al., 2004) and inability of water to infiltrate into the soil or store rainfall resulted to runoff formation. Thus, according to Chavez et al. (2007) , watershed characteristics such as area, average slope, vegetation cover and soil properties also influence runoff rate and volume. Runoff simulation models transform excess infiltration to runoff either using physically based models (Corradini et al., 1994) , or conceptual models (Diskin & Nazimov, 1995) , or empirical relations of the Soil Conservation Service (Chahinian et al., 2005) . Four widely used infiltration simulation models, as given by Chahinian et al. (2005) , correspond to two physically based models of Philip and Morel-Seytoux, a Horton conceptual model and the simple Soil Conservation Service model.
All aforementioned models required rainfall intensity as input parameter, which is often unavailable in many developing countries due to limitation of instrumentation. Hence, the choice is the Crawford-Linsley model, which requires only the commonly available record of rainfall amounts in addition to physical characteristics of the watershed. No conceptual/physically based techniques may operate effectively without considering physical and hydrological characteristics of watersheds (Nejadhashemi et al., 2007) .
The paper presents use of conceptual model in the conversion of rainfall to streamflow, wherein the basic processes of infiltration, interflow, and groundwater storage are separated, but their algorithms are basically calibrated input-output relationships of water balance equation of a watershed.
Materials and methods

Study area
Ona river, with catchment's area of 92.3 ha, is located at about 500 m of IITA meteorological station, Ibadan, at 7 o 29 1 N and 3 o 54 1 E (Fig. 1) . Eze (1997) reported that Crystalline rocks of pre-Cambrian basement complex underlie this area. Mean annual rainfall for Ibadan is around 1270 mm (Lal, 1993) . Mean day length of this latitude is 12 h, ranging from a minimum of 11.5 h in December to a maximum of 12.7 h in June.
Infiltration model
Infiltration model was determined using Crawford & Linsley (1966) b = exponent, a value of 2, adopted following numerous trials by Crawford & Linsley (1966) . In the infiltration expression, both INF and LZSN are fixed parameters. To determine actual value of soil moisture storage at time t-1 in the lower soil zone, 62 mm diameter soil sampling core was used. The topsoil depth at the upstream, midstream and downstream sections were 304.8, 533.4 and 457.2 mm, respectively. Soil-sampling cans used to collect the top 300 mm soil samples were labelled D ij (D -Downstream), M ij (M -Midstream) and U ij (U -Upstream) for the topsoil and subsoil; where i = 1, for topsoil and i = 2, for subsoil. j = 1, 2, and 3 for the three sampling points. At each sampling point, six samples were collected (three topsoil and three subsoil section).
Samples were taken from 0-30 cm and depth greater than 30 cm of the soil profile in an airtight container for weighing on an electronic weighing balance. The soil samples were dried at 105 o C to a constant weight for 24 h. After drying, soil and container were weighed again.
Dry weight fraction, W = (Wet weightDry weight)/Dry weight. To determine LZSN, particle size distribution was characterized according to the system of International Society of Soil Science.
Topsoil samples were characterized as sandy clay loam while subsoil was clay textured when the soil samples percent sand and percent clay were inputted into the National Water and Climate Center Irrigation Water Management model -'Soil Water Characteristics' (National Resources Conservation Service; NRCS). Hence, the topsoil belongs to the NRCS soil hydrologic group A. Study location subsoil is clay with 120 mm soil moisture available at field capacity. The estimated LZSN value was 120 mm.
Interflow is routed back to streams while the groundwater flow is lost to deep percolation.
G t = G w + Interflow …..………..… (2) where G t = Total subsurface runoff from land to stream and G w = Groundwater flow (all in mm) To obtain total runoff from land surface, assuming change in storage (∆ S t ) to be zero; R t = P t -E t -G w -Interflow .......... (3) where R t = total runoff from land surface (mm); P t = total precipitation over land and water surfaces (mm); E t = total evaporation from land and water surfaces (mm).
Interflow
Water available for interflow was based on soil moisture levels and the local infiltration rate (Fleming, 1975) . Water was allocated to interflow as: 
. (5)
Groundwater storage A simplification of the process is to obtain a fraction of water accumulating in the lower zone from direct infiltration and percolation from upper zone. This fraction expressed in percentage was based on the functions in the following equations by (Fleming, 1975) . where P g = percentage of moisture entering groundwater storage.
Precipitation
Daily precipitation data were obtained from International Institute of Tropical Agriculture (IITA) automatic weather station, located about 500 m from Ona river.
Results
Soil moisture
Unit area of cylindrical soil sample with can radius of 6.4 cm was 128.68 cm 2 . Also, soil depth in soil sampling can is 6.1cm. Therefore, soil sample volume, V = 128.68 × 6.1 = 784.95 cm 
Infiltration
Substituting INF, LZS t-1 and LZSN in Equation 1, segment mean infiltration capacity at time t (daily) was computed. Rainfall in mm was plotted against percent of area with infiltration capacity less than or equal to the stated value to obtain the volume of water infiltrated. A sample of the Crawford-Linsley infiltration graph for the first 6 days in September was shown in Fig.  2 . Days without rainfall, which is the source of moisture supply, are indicated blank as observed in days 1, 2, 4, and 5. On the 3rd day in September with 60.6 mm of moisture supply, the 37.88 mm infiltrated volume of water was indicated by the shaded segment. Tables 1 and 2 show the Segment mean infiltration capacity.
Interflow and groundwater storage
Substituting the values of 5 and 5 t in Equation 4 gives the interflow component, C. This was substituted together with LZS and LZSN in Equation 5 to give interflow water in Table 3 ; resulting 5 t for September and October to be 7.60 mm and 7.52 mm. Segments mean infiltration capacity for September being higher than October indicated that more water infiltrated from moisture received in September than October. Hence, more water was available for interflow and groundwater storage in September than October.
Values were substituted in Equations 2-5 and results of groundwater storages were presented in Tables 4 and 5, respectively. As previously observed for interflow, volume of water available for groundwater storage was more in September than October.
Runoff
Values of total runoff from land surface were computed using the water balance equation 3. Simulated runoff of study location is presented in Tables 6 and 7 .
Discussion
Infiltration and precipitation analysis
On days without precipitation, zero volume of water infiltrated. Furthermore, the Crawford-Linsley model computes zero infiltration on days in which precipitation is less than 1.0 mm. Peak values of infiltrated water correspond with peak precipitation events, while the model was unable to distinguish between days of zero precipitation and days with precipitation less than 1.0 mm. The actual soil moisture storage, LZS, is continuously changing due to losses such as evapotranspiration, deep percolation (assumed negligible due to the clayey nature of the subsoil of the study area and crystalline rocks of the pre-Cambrian basement complex, which underlie this area) and gains in direct infiltration. The time step for the simulation is daily, with the shaded segment (Fig. 2) , indicating the volume of water infiltrated, and 50% of the area with infiltration capacity less than or equal to the stated value corresponds to the segment mean infiltration capacity, while 100% of the area with infiltration capacity less than or equal to the stated value corresponds to the saturated (final) infiltration capacity. The infiltration capacity is a mean for the catchment area because not all the elements of the catchment surface will be able to absorb water at the same rate due to variability in the infiltration capacity of finite elements over the catchment surface.
Comparing infiltrated depth of water using the Crawford-Linsley model, with depth of water precipitated over the location of study, stochastic (randomness) nature of precipitation was clearly evident, as one precipitation event does not depend on previous and/or next precipitation event. For the given moisture supply in Fig. 3 and 4 , increased soil moisture storage tends to reduce infiltration capacity. Hence, successive precipitation events resulted in decrease in depth of water infiltrated as a result of the soil at or near its field capacity.
A break of 2-3 days before rainfall events resulted in increased depth of water infiltrated. High values of infiltration recorded with first rainfall event as shown in Fig. 3 may be attributed to the observed August break. Assuming all other factors remain constant, increases in soil moisture storage tend to reduce the infiltration capacity.
Interflow and groundwater storage
The magnitude of water reaching Ona stream in September and October are 31.69 mm and 25.25 mm. Interflow occurs continuously even when there are 3-4 days of no precipitation. This component of the water balance equation is shown to be responsible for stream flows on dry days. From Tables 6 and 7 , moisture entering groundwater storage and surface runoff from land will only occur on days when there is substantial precipitation. Hence, total subsurface runoff (a combination of interflow and groundwater flow) will contribute to stream flow on days with precipitation, while days without precipitation will only have the interflow component contributing to subsurface runoff.
The interflow, when compared to the groundwater storage, is relatively constant. It does not vary considerably with either an increase or decrease in groundwater storage. The slight increase in interflow is noticeable after 24 h of a precipitation event. For instance, the 60.6 mm of precipitation recorded on the 3rd of September does not translate to interflow immediately on the same day. The effect was noticed on the 4-5th of September where no precipitation event occurred. From a plot of the groundwater discharge in September and October ( Fig. 5 and 6 ), the long-term flow or base flow, an indication of discharge of groundwater, can be attributed to the interflow component. Thus, interflow can still contribute to stream flow even for 3-4 days of no precipitation in study location.
From the water balance of the study location (Tables 6 and 7) , volume of water entering groundwater storage is dependent on the antecedent (previous) soil moisture condition. Peak precipitation event does not necessarily correspond to peak groundwater storage as the 25.0 mm and 35.5 mm of recorded precipitation correspond to 2.07 mm and 1.91 mm of groundwater storage. The reduction in groundwater storage after 1-2 days of consecutive precipitation events may be attributed to the soil being at or near its field capacity; hence, there is reduction in voids for the next precipitation event. Similar situation was observed from 9th to 12th October (Table 7) . The relationship between moisture supply (precipitation) and groundwater storage ( Fig. 7 and 8) shows that storage will be zero when there is no precipitation.
Conclusion
Determining water contributing to stream flow from surface and subsurface runoff gives volume of water that can be abstracted without creating acute water shortage problems for dependent lives downstream section in vulnerable seasons. From the water balance components, days without rainfall were shown to have zero infiltration, while peak values of infiltrated water correspond with peak rainfall. However, the model was deficient by its inability to distinguish between days of zero rainfall and days when rainfall is less than 1.0 mm.
Interflow occurred continuously even when there was no rainfall. This was shown to be responsible for the stream flows on dry days. Hence, a combination of interflow and groundwater flow will have the two components contributing to stream flow on days with rainfall. On days without rainfall, interflow component will be the only contributor to subsurface runoff. This is usually applicable to ephemeral streams which always have flows during the wet season while flows will cease during the dry season. Daily time step used in the water balance model development could be reduced to hourly time step in order to ascertain the effect of time step on the accuracy of modelling processes, which took the physical relevance of study area into account in the development of the process parameters, thereby, classifying the developed models as conceptual grey-box model.
